Abstract: Phytochemical analysis of the tubers of Eranthis cilicica was performed as part of our continuous study on the plants of the family Ranunculaceae, which resulted in the isolation of eleven new cycloartane glycosides (1-11) and one new oleanane glycoside (13), together with one known oleanane glycoside (12). The structures of the new compounds were determined by extensive spectroscopic analysis, including two-dimensional (2D) NMR, and enzymatic hydrolysis followed by either X-ray crystallographic or chromatographic analysis. The aglycone (1a) of 2 and its C-23 epimer (8a), and the oleanane glycosides (12 and 13) showed cytotoxic activity against HL-60 leukemia cells with IC 50 values ranging from 10.6 µM to 101.6 µM. HL-60 cells were much more sensitive to 8a (IC 50 14.8 µM) than 1a (IC 50 101.1 µM), indicating that the C-23 configuration is associated with the cytotoxicity of these cycloartane derivatives. Compound 12 was revealed so as to partially induce apoptotic cell death in HL-60 cells, as was evident from morphology of HL-60 cells treated with 12.
Introduction
We carried out systematic phytochemical screenings of the plants belonging to the family Ranunculaceae, such as the Adonis [1] [2] [3] [4] , Anemone [5, 6] , Cimicifuga [7, 8] , Clematis [9] , Helleborus [10] [11] [12] [13] [14] , and Pulsatilla species [15, 16] , and isolated various triterpene and steroidal glycosides, including cardiac and pregnane glycosides. Among them, cycloartane glycosides had a unique structure and showed relationships between chemical structure and cytotoxic activity [8] . The genus Eranthis also belongs to the family Ranunculaceae and is taxonomically related to the genus Helleborus [17] . Previously, we have isolated two new oleanane bisdesmosides, eranthisaponins A and B [18] , and eight new chromone derivatives from the tubers of Eranthis cilicica [19] . Further phytochemical examination of the E. cilicica tubers resulted in the isolation of eleven new cycloartane glycosides and one new oleanane glycoside, together with one known oleanane glycoside. We report herein the structural determination of the new compounds by extensive spectroscopic analysis, including two-dimensional (2D) NMR, and enzymatic hydrolysis, followed by either X-ray crystallographic or chromatographic analysis. As part of our ongoing phytochemical study of Ranunculaceae plants, the cytotoxic activity of the cycloartane-type glycosides 2 and 8, the aglycone 1a and its C-23 epimer 8a, and the oleanane-type triterpene glycosides 12 and 13 against HL-60 human promyelocytic leukemia cells is evaluated and briefly discussed.
Results and Discussion

Isolation and Structure Elucidation of 1-13
The MeOH extract of the E. cilicica tubers was allowed to pass through the porous-polymer polystyrene resin (Diaion HP-20) column, and a series of chromatographic separations of the glycoside-enriched fraction using column chromatography (CC) on silica gel and octadecylsilanized (ODS) silica gel were performed to obtain compounds 1-13 ( Figure 1 ). The known compound 12 was identified as 3β-[(O-β-D-glucopyranosyl-(1→4)-O-[α-L-rhamnopyranosyl-(1→2)]-α-L-arabinopyranosyl)oxy]-23-hydroxyolean-12-en-28-oic acid by direct comparison with an authentic sample isolated from Anemone coronaria [6] . (Figure 2 ). Linkage of a β-D-glucopyranosyl group to the C-3 hydroxy group of the aglycone in 1 was ascertained by long-range correlations between the anomeric proton (H-1 ) at δ H 4.94 and the C-3 carbon of the aglycone at δ C 88.6 in the 1 H-detected heteronuclear multiple-bond connectivity (HMBC) spectrum of 1. Thus, 1 was established as (23R,24R,25R)-16β,23:23,26:24,25-triepoxy-28-hydroxy-9,19-cycloartan-3β-yl β-D-glucopyranoside. 
Compounds 6 and 7 had the molecular formula C 42 H 64 O 15 and C 42 H 66 O 14 , respectively, based on HR-ESI-TOF-MS and 13 C-NMR data. The 1 H-and 13 C-NMR spectral properties of 6 were essentially analogous to those of 2; however, the hydroxymethyl signals at δ H 4.02 and 3.94 (each d, J = 11.5 Hz) and δ C 63.4 assignable to H 2 -28 and C-28 in 2 were replaced by those due to an aldehyde group at δ H 10.14 (s) and δ C 210.2 in 6. Treatment of 6 with NaBH 4 in EtOH afforded 2. On the other hand, comparison of the 1 H-and 13 C-NMR spectra of 7 with those 4 revealed that the H 2 -28/C-28 hydroxymethyl proton and carbon signals observed for 4 disappeared in the case of 7. Instead, the signals from a tertiary methyl group were detected at δ H 0.80 (s) and δ C 19.7 in the spectrum of 7. The methyl proton signal showed HMBC correlations with the C-8 (δ C 47.5), C-13 (δ C 46. Compounds 9 and 10 had the same molecular formula C 42 H 66 O 15 , and their 1 H-and 13 C-NMR spectra were suggestive of cycloartane diglucosides closely related to 8. Indeed, enzymatic hydrolysis of 9 and 10 gave 8a and D-glucose. Assignments of the 1 H-and 13 C-NMR signals from the sugar moieties of 9 and 10, which were established by 1 H-1 H COSY and HMQC spectral analysis, implied that the diglucoside sequences of 9 and 10 corresponded to those of 3 and 4, respectively. Furthermore, HMBC correlations were observed from H-1 of Glc (II) at δ H 5.31 (d, J = 7.9 Hz) to C-3 of Glc (I) at δ C 88.9, and from H-1 at δ The anomeric configurations of Ara, Gal and Glc were confirmed to be α, β, and β, respectively, based on the relatively large 3 J H-1,H-2 values (6.9-7.9 Hz). In the case of the Rha moiety, the large 1 J C-1,H-1 (172 Hz) was indicative of the α-anomeric configuration [6] . In the HMBC spectrum of 13, long-range couplings were observed between H-1 of Glc (δ H 5.29) and C-4 of Ara at δ C 80.0, H-1 of Gal (δ H 5.06) and C-3 of Rha at δ C 83.2, H-1 of Rha (δ H 6.02) and C-2 of Ara at δ C 76.5, and between H-1 of Ara (δ H 4.92) and C-3 of the aglycone at δ C 81.3. Compound 13 was determined to be We previously reported that the slight differences in the structure of cycloartane glycosides effected on cytotoxic activity [8] . In this study, some selected compounds, the new cycloartane glycosides (2 and 8) , and the aglycone (1a) of 2 and its C-23 epimer (8a), as well as oleanane glycosides (12 and 13) were evaluated for their cytotoxic activity against HL-60 cells using a modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay (Table 2) . Etoposide was used as a positive control, and it gave an IC 50 value of 0.32 ± 0.01 µM. The cytotoxic activity of 8a against HL-60 cells (IC 50 14.8 ± 1.00 µM) was much more potent than that of 1a (IC 50 101.1 ± 0.44 µM), indicating that the C-23 configuration is associated with the cytotoxicity of these cycloartane derivatives. On the other hand, 2 and 8 were not cytotoxic to HL-60 cells at sample concentrations up to 200 µM. Compounds 12 and 13 were cytotoxic to HL-60 cells, with IC 50 values of 10.6 ± 0.40 µM and 10.8 ± 0.53 µM, respectively. After HL-60 cells were exposed to 12 at a sample concentration of 20 µM for 72 h, they were stained with 4 ,6-diamidino-2-phenylindole dihydrochloride (DAPI) and observed under a fluorescence microscope. The cells showed nuclear chromatin condensation and nuclear disassembly, illustrated in Figure 3 . Therefore, 12 partially induced apoptotic cell death in HL-60 cells. 
Materials and Methods
General Experimental Procedures and Plant Material
The instruments, experimental conditions, and plant material used (except for those mentioned below) were the same as those described in previous papers [18, 19] . Melting point was determined on an MP-3 melting point apparatus (Yanaco, Kyoto, Japan). X-ray diffraction experiments were carried out on a DIP image plate diffractometer (Bruker AXS, Karlsruhe, Germany).
Extraction and Isolation
The MeOH extract (135 g) of Eranthis cilicica tubers (1.3 kg) was subjected to Diaion HP-20 CC [19] . The 80% MeOH eluted portion (30 g) was chromatographed on silica gel eluted with gradient mixtures of CHCl 3 -MeOH (20:1; 9:1, 4:1, 2:1) and finally with MeOH to give 9 subfractions (Frs. A-I). Fr. E was subjected silica gel CC eluted with CHCl 3 -MeOH (9:1) and ODS silica gel CC eluted with MeCN-H 2 O (1:2) to yield 1 (17.0 mg) and 7 (13.4 mg). Fr. G was repeatedly subjected to silica gel CC eluted with 
Cytotoxic Activity
HL-60 cells were maintained in an RPMI-1640 medium. The cell media contained heat-inactivated 10% (v/v) FBS supplemented with L-glutamine, penicillin G sodium salt (100 units/mL), and streptomycin sulfate (100 µg/mL). HL-60 (4 × 10 4 cells/mL) cells were continuously treated with each compound for 72 h, and cell growth was measured using an MTT reduction assay as previously described [23] . Data represented as mean ± S.E.M. of three experiments performed in triplicate. The concentration, resulting in a 50% inhibition value (IC 50 ), was calculated from the dose response curve.
DAPI Staininig
The cells (1 × 10 5 cells/mL) were plated on coverslips in 96-well plates. After 24 h, HL-60 cells were treated with either 20 µM of 12 or 17 µM of etoposide for 72 h. The cells were fixed with 1% glutaraldehyde for 30 min at room temperature before staining with DAPI (0.5 µg/mL in H 2 O). They were observed under a CKX41 fluoroscence microscope (Olympus, Tokyo, Japan).
Conclusions
Further phytochemical examination of E. cilicica tubers gave eleven new cycloartane glycosides (1-11) and one new oleanane glycoside (13), together with one known oleanane glycosides (12) . The structures of the new compounds were established by extensive spectroscopic analysis, including 2D NMR, and enzymatic hydrolysis, followed by either X-ray crystallographic or chromatographic analysis. The new cycloartane glycosides 2 and 8, the aglycone 1a and its C-23 epimer 8a, and oleanane-type triterpene glycosides 12 and 13 were evaluated for their cytotoxic activity against HL-60 leukemia cells. The cytotoxic activity of 8a was much more potent than that of 1a, indicating that the C-23 configuration is associated with the cytotoxicity of these cycloartane derivatives. This is the first report of structure-activity relationships of cycloartane-type triterpenoids on C-23 epimer. Compounds 12 and 13 were moderately cytotoxic to HL-60 cells, and 12 partially induced apoptotic cell death in HL-60 cells.
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